Abstract. This study aimed to investigate the quality of the rooftop rainwater harvesting (RRWH) and to treat it for clean water supply alternative of Graha Rektorat building at State University of Malang, Indonesia. Different combinations of zeolite and activated carbon were used as filter media to treat the RRWH. Several parameters have tested to investigate the quality of RRWH based on Permenkes RI No. 416 / MENKES / PER / IX / 1990. Most of the quality of the RRWH met clean water and drinking water standard. However, there were three parameters have to be reduced and required further treatment. The results showed T4 reduced TDS and coliform bacteria by 37% and 36%, while T5 eliminated organic substances (KMnO4) for 35%.
Introduction
Increasing urban population has influenced the high demand for clean water consumption. It affects not only the increase in water demand but also the quality and quantity of water sources in urban areas (1) . Rainwater has become an alternative for water scarcity problem in which pure and accessible water can harvest through rainwater harvesting (RWH) system (2) . Especially in Malang, the clean water is obtained from spring water located in the suburban of the city that managed by the local water company (PDAM). However, due to a limited quantity of clean water that can be supplied by PDAM Malang and an escalation of the urban population, the optimum clean water distribution become a crucial problem. Hence, implementation of RRWH can reduce the use of water consumption that supplied by PDAM. For instance, the use of RWH for homes, shops, apartments and buildings in Malang city decreased the water consumption by 30-40% (3) .
Rainwater treatment is needed before it is used for clean water consumption. The Chemical Engineering Department of Jessore University conducted physical and chemical tests on rainwater samples taken from rural areas of Bangladesh. The study reported that dissolved solids concentration was low and therefore, rainwater samples do not contain harmful substances and suitable for drinking water (4). However, rainwater component in rural and city areas is different due to the effect of the air pollution. The rainwater pollutant can reduce through physical, chemical and biological filtration (5) . Zeolite and activated carbon are low-cost media used for water filtration. Zeolite has a cavity/pore that able to absorb solids through the physical and chemical process (6) . Moreover, active carbon and zeolite can reduce turbidity and iron concentration, but their combination can increase the pH of the water in wastewater treatment (7) .
This study investigated the effectivity of the combination of zeolite and activated carbon as rainwater filter media in different portion. Treated rainwater that meets the standard clean water quality can utilise as an alternative source of water for the urban including the academic community in the campus of the State University of Malang. The water supply from PDAM often interferes with the technical matter, and the quantity is lower than the water demand, and therefore an alternative source of fresh water must be assessed.
Research Methods
The case study conducted at the Rektorat building of the State University of Malang, Indonesia because it requires a high amount of clean water for daily use. The quantity of rainwater determined from rainwater fall at the rooftop of the rectorate building as the amount of RHR treated through RWH system. Rainwater sampling and analysis conducted from November 2017 to March 2018 (Table 1) . The experiment was conducted to obtain the appropriate filter media combination consisting of zeolite and activated carbon. They were five experiments arrangement of filter media used for rainwater treatment. Those arrangements were T1 (100% activated carbon), T2 (75% activated carbon + 25% zeolite), T3 (50% activated carbon + 50% zeolite), T4 (25% activated carbon + 75% zeolite), and T5 (100% zeolite). The water sampling was collected from the inlet and outlet with triplicate and tested for total dissolved solids (TDS), Organic substances KMnO4, Coliform, pH, and temperature. Laboratory analysis of the collected untreated and treated rainwater performed in Perum Jasa Tirta 1 Malang laboratory (Table 2) . Laboratory analysis showed that several parameters had met the standard quality of Permenkes RI No. 416 / MENKES / PER / IX / 1990. A KMnO4 concentration higher than permitted standard and require further treatment for reduction. KMnO4 or organic substances contained in RRWH may come from household activities and industrial processes, and materials derived from agricultural and livestock operations. The content of natural elements that exceed clean water quality standards can affect human health (kidneys, liver, skin and nervous system) (8) , and cause the unpleasant odour in water (9) . Furthermore, coliform is a group of bacteria commonly finding in the environment that usually found in the intestine of mammals including humans (10) . Microbial contamination of raw water sources and waterborne disease remain a significant challenge in clean water treatment, and this needs to be eliminated before it uses for clean water supply (11).
Treated rainwater characteristics

TDS concentration
TDS is considered important in clean water consumption quality. Water-soluble TDS can be derived from natural sources, industrial waste, urban runoff, and agriculture. The presence of high TDS in water can have adverse health effects and household appliances such as water pipes and water heating (12) . TDS concentration in RRWH treatment conducted in the study is shown in the following graph: The graph shows that TDS concentration in the effluent was higher in treatment 1,2, and 3. It is because the composition of activated carbon used for filter media was much higher than zeolite, and also the effect of the thickness and the irregular shape of the activated carbon. The thickness of the activated carbon layer in the filter media influences the reduction of turbidity as it is determined by the amount of total dissolved solids (TDS) (13, 14) .
T4 and T5 used more zeolite and reduced more TDS in rainwater. Zeolite has a cavity/pore which able to filter a large number of molecules or dissolved solids in water (6) . Zeolite can also filter brackish water and reduce the TDS up to 84% (15) . Zeolite and activated carbon have also used to reduce the heavy metal content in pond water. However, TDS concentration in T5 increased after filtration. The increased of TDS concentration may cause by zeolite that contains chemical elements in water such as lime and can affect the TDS concentration in the water (16).
Organic substances (KMnO4) concentration
The presence of KMnO4 in water is closely related to the changes in physical properties of water especially colour, odour, taste, and turbidity and it leads to decrease the quality of drinking water and can cause stomach pain (17) . The results of the treatment to remove KMnO4 substances in RRWH were varies, and they depend on the combination of filter media (Figure 3) . .70 mgl -1 to 10.8 mgl -1 respectively for T1, T2, and T3. Consequently, there was no reduction of KMnO4 in RRWH. Presumably, it was due to the size of KMnO4 molecule is smaller than a void in zeolite and a lower percentage of zeolite (T2) in filter media, and therefore the organic substances particles can pass the filter media (18) . Whilst the concentration of KMnO4 in T4 and T5 decreased from 6.5 mgl -1 to 5.2 mgl -1 (19.4%) and from 7.8 mgl -1 to 5.1 mgl -1 (35%) respectively. Moreover, KMnO4 concentration in rainwater reduced due to the portion of zeolite higher than activated carbon. In this study, T5 revealed as the best treatment for organic substances (KMnO4) reduction in RRWH and met the Indonesian standard of water quality (Permenkes RI No.416 / MENKES / PER / IX / 1990).
The decrease of KMnO4 concentration in T5 is due to the pore of zeolites which able to absorb organic and inorganic substances molecules in water (19) . Zeolite is also able to reduce an organic substance concentration in waste from 173.7 mgl -1 to 37.5 mgl -1 (20) . Moreover, the use of activated carbon for peatland water filter media resulted in decreasing KMnO4 from 152.5 mgl -1 to 9.6 mgl -1 (92%) (21).
Coliform bacteria
Rainwater harvesting is currently utilised as an alternative to clean water supply, but investigation of coliform contamination is critically important to consider the rainwater as a clean water source. Microbiological concentration in water cause high water turbidity and symptoms of diarrhoea, fever, nausea, vomiting, and indigestion (22) and therefore the water source must be treated before it consumes by a human (23) .
The treatment results to reduce coliform bacteria in RRWH is presented in Figure 4 . T1 which used 100% activated carbon decreased about 30% of coliform concentration (11.5 MPN/100ml to 7.0 MPN/100 ml). Activated carbon influenced the reduction of coliform bacteria in T1 because it can bind microorganisms contained in water (24) . The use of activated carbon as a filter media can reduce the number of coliform bacteria from 1600 MPN/100 ml to 920 MPN/100 ml of the well-water filtration in Pahlawan sub-district of Medan Perjuangan, North Sumatra (25) . The decrease of coliform concentration also occurred in T4 and T5 where the portion of zeolite was higher than activated carbon. The efficiency T4 was larger than T5 in reducing coliform bacteria of RRWH where T4 reduced coliform bacteria from 7 MPN/100ml to 4.5 MPN/100ml (36%) and T5 from 7MPN/100ml to 5 MPN/100ml (29%) respectively. Combination of activated carbon and zeolite in T4 revealed as the best composition in reducing coliform bacteria than 100% zeolite in T5. This evidence is in line with a study to improve the quality of well-water by using mixed zeolite and activated carbon-tile filter media (5) .
On the other hand, the coliform bacteria in the effluent slightly increased in T2 and T3. Although the concentration of coliform bacteria in both treatment were higher than the inlet, the values still met the Permenkes RI No.416 / MENKES / PER / IX / 1990. In this study, zeolite used in RRWH treatment can reduce coliform bacteria concentration. This ability also reported by Isholawati and his co-authors where zeolite can reduce the concentration of E-coli bacteria in groundwater (26) . Furthermore, the used of zeolite as filter media in the pipe with diameter 6 ", 8", and 10 ", and it produced the highest absorption efficiency in the pipe of 10" with an efficiency of bacteria absorption of 96% (27) .
This type of coliform bacteria was present in rainwater because the rainwater might be contaminated with faecal coliform material deposited on the rooftop of the building by animals, rodent, or birds (28) or even due to environmental conditions surrounding the test site (29) . In an unclean environment condition coliform bacteria able to multiply rapidly and contaminate the water (30).
Conclusion
This study has presented a case study in the campus of the State University of Malang to evaluate the RRWH quality and to discuss the potential of rainwater as an alternative to clean water supply on the campus. The research results showed that rainwater in campus met the water quality standard as a clean water source. Although three of the water quality parameters do not meet the standard, further treatment using filter media of zeolite and activated carbon has proven to reduce the concentration of TDS, KMnO4, and coliform bacteria. T4 could eliminate about 37% and 36% for TDS and coliform bacteria, respectively. While T5 was reported effective to reduce organic substances that presented as KMnO4 for 35%. Further study is needed to improve the treatment of rainwater as a clean water source.
